To deduce the bulk properties of homogenous systems from the observed properties of non-uniform systems, local density approximation (LDA) naturally comes to mind. This approximation assigns the properties of a non-uniform system at a given point their bulk values with an effective local chemical potential. To the extent that LDA is valid, determining the bulk thermodynamic quantities as functions of chemical potential amounts to determining their spatial dependences in confining traps. In current experiments on ultra cold atomic gases, the detection closest to a local probe is the
measurement of column density. Here, we introduce algorithms to determine the quantities mentioned in the opening using column densities.
Our first step is to use the surface density a thermometer. Within LDA, the density (both for atoms in a single trap or in an optical lattice) is is
Eq.(2) has been widely used to determine ! µ and ! T of quantum gases in single traps but not for gases in optical lattices, as the surface density is very low in such cases. The lack of accurate thermometry in optical lattices has been the bottleneck for extracting information from current experiments. For example, it has prevented mapping out the phase diagram of Bose Hubbard Model at finite temperature despite many years of studies. It has also aroused the concern on the heating effects in current optical lattice experiments 9, 10, 11, 12 . To make use of the asymptotic forms in Eq.
(1) and (2), we need imaging resolutions comparable to a lattice spacing (~0.5 micron), which has not been achieved in most experiments. Very recently, however, Ott's group 13 has succeeded in imaging the density of a 3D quantum gas using a focused electron beam with extremely 
where
, and 
We then have
Eq.(3) follows directly from the fact that
The integral is therefore proportional to
Since singularities of thermodynamic potentials show up in equation of state, phase boundaries between different phases will be identified in the density profile.
Recall that first order and continuous phase transitions correspond to discontinuities in the first and higher order derivatives of been used in the recent MIT experiment to determine the first order phase boundary in spin polarized fermions near unitarity 14 . Since
order phase boundary will show up as a discontinuity of the slope from the compressibility, which can be extracted from the density profile. The presence of such discontinuity has also seen in Monte Carlo studies, (Q.Zhou et.al, to be published).
We now turn to entropy density adiabatically to a slightly different value 
See Figure 2 .
We next consider superfluid density (8) is that
For a potential rotating along 
Next we rotate this system with frequency 
For small
We then write
where 
Eq. (14) gives ! n s in terms of the column densities of the initial and final state. The above formula continue to hold for non-axisymmetric traps, (with
Supplementary Material for the expression for the 2D case, and an alternative scheme for obtaining
Our method can also be applied to obtain other important thermodynamic properties such as the staggered magnetization and the contact density of strongly interacting fermion gas. For the latter, see Supplementary Materials. In the current quantum simulator programs on Fermion-Hubbard Model using two component
Fermions in optical lattices 20, 21 , the measurement of the staggered magnetization will be crucial for identifying the antiferromagnet. Consider an antiferromagnet in a cubic lattice with a staggered magnetic field, 
It is straightforward to show that
The staggered field ! r h ( r x ) has been produced recently 22 . To reduce spontaneous emission and hence heating, one can use a low intensity laser and hence a weak field 
In summary, we have pointed out a scheme to map out the bulk properties of homogenous systems using solely the density profile of a trapped gas. The method is exact within local density approximation. Our scheme requires imaging resolution comparable to a lattice spacing, a condition well satisfied by an exciting experimental advance 13 . Our method allows one to determine many properties that have so far eluded measurements. We hope this work will encourage the community to develop high precision measurements to study the many-body physics of degenerate quantum gases. ! s(x) is given Eq.(6), which is ! (P'"P) /(T'"T).
